###### Strengths and limitations of this study

-   To avoid inclusion biases, we examined consecutive cases.

-   We systematically analysed associations of social disadvantages among a large number of patients with myasthenia gravis using detailed clinical parameters.

-   This study was limited by its cross-sectional and partly retrospective design and the fact that it was dependent on patients\' self-reported data.

Introduction {#s1}
============

Myasthenia gravis (MG) is a neuromuscular disease that used to be considered severe and was associated with a high mortality rate; however, owing to current treatments, MG has largely become non-lethal.[@R1] [@R2] Still, even today, many patients with MG find it difficult to maintain their daily activity levels due to insufficient improvement in disease status, and the long-term side effects of treatment with oral corticosteroids,[@R2] because full remission without steroid treatment is rare in MG.[@R3] [@R4] [@R6] Health-related quality of life (HRQOL) is reduced in many patients with MG.[@R3] [@R4] [@R7] Analyses of detailed clinical data have consistently revealed that both disease severity and oral corticosteroid dose have significant negative effects on self-perceived HRQOL among patients with MG.[@R3] [@R4] The oral corticosteroid dose has been shown to affect items of the MG-QOL15, a 15-item MG-specific quality of life scale,[@R14] [@R15] associated with social or community mobility.[@R4] It is possible that side effects resulting from treatment with corticosteroids, such as problems associated with appearance or a depressive state, negatively affect personal relationships, positive thinking and social activities.[@R4] [@R16]

Many patients with MG cannot fully participate in social activities due to the effects of the disease and its treatment.[@R4] [@R9] These patients therefore appear to suffer social disadvantages such as unemployment and a decrease in income, which can lead to a lower HRQOL.[@R9] [@R13] However, information regarding the prevalence of these disadvantages and their detailed associations with MG remains scarce. Therefore, we conducted a cross-sectional questionnaire survey to obtain information on social disadvantages experienced by patients with MG. We also examined possible associations with detailed clinical parameters.

Patients and methods {#s2}
====================

Patients {#s2a}
--------

This study was conducted at 13 neurological centres (Japan MG Registry Group, see online [supplementary table S1](#SM1){ref-type="supplementary-material"}) in Japan. We evaluated patients with established MG between April and July 2015. To avoid potential bias, we enrolled consecutive patients with various disease statuses over a short duration (4 months). During this period, a total of 1088 patients with MG visited our hospitals. From this group we were able to collect full detailed clinical data from 923 patients, and 165 were excluded from the study because of insufficient data collection. Data collected included present disease status, past course of MG Foundation of America (MGFA) postintervention status, and current and past treatment regimens. Among these 923 patients, 917 responded completely to a questionnaire we conducted on social disadvantages resulting from MG and its treatment ([figure 1](#BMJOPEN2016013278F1){ref-type="fig"}), provided written informed consent and underwent analysis.
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![Questionnaire on social disadvantages resulting from MG and its treatment. MG, myasthenia gravis.](bmjopen2016013278f01){#BMJOPEN2016013278F1}

The diagnosis of MG was based on clinical findings (fluctuating symptoms with easy fatigability and recovery after rest) with amelioration of symptoms after intravenous administration of anticholinesterase, decremental muscle response to a train of low-frequency repetitive nerve stimuli of 3 Hz, or the presence of autoantibodies specific for the acetylcholine receptor (AChR) of skeletal muscle (AChR-Ab) or for muscle-specific tyrosine kinase (MuSK-Ab).

Questionnaire on social disadvantages resulting from MG and its treatment {#s2b}
-------------------------------------------------------------------------

In the present questionnaire survey ([figure 1](#BMJOPEN2016013278F1){ref-type="fig"}), we first elucidated whether each patient had experienced unemployment, an unwilling job transfer and/or a decrease in income ([figure 1](#BMJOPEN2016013278F1){ref-type="fig"}A, items 1--3). For the patients who had experienced a decrease in income, we further asked to what degree their previous total income had decreased ([figure 1](#BMJOPEN2016013278F1){ref-type="fig"}A, item 4). We also asked whether the patients felt that their social positivity and activity had declined due to MG and/or its treatment ([figure 1](#BMJOPEN2016013278F1){ref-type="fig"}A, item 5). Only social disadvantages after disease onset were taken into account.

For the patients who answered 'yes' to any of the question items 1--3 or 5 ([figure 1](#BMJOPEN2016013278F1){ref-type="fig"}A), we then asked to what degree (0--3) they thought that each of the 12 items were possible causes of their experienced social disadvantages ([figure 1](#BMJOPEN2016013278F1){ref-type="fig"}B, items 1--12). Correlations between the degree (0--3) of each of the 12 items and each social disadvantage were then calculated ([table 1](#BMJOPEN2016013278TB1){ref-type="table"}). This questionnaire was newly developed for this survey.

###### 

Associations between question items and social disadvantages (Spearman rank correlation)

                                                                                                                         Correlation (95% CI) with social disadvantages, p Value                                       
  ---------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------- ----------------------------------- -----------------------------------
  1\. Insufficient control of symptoms                                                                                   **0.19 (0.095 to 0.285), \<0.0001**                       0.08 (−0.01 to 0.18), 0.05          0.05 (−0.04 to 0.14), 0.13
  2\. Depressive state, changes in mood or character after PSL (PSL use, 81% of subjects)                                0.10 (0.00 to 0.19), 0.03                                 0.02 (−0.08 to 0.12), 0.36          **0.20 (0.10 to 0.28), \<0.0001**
  3\. Changes in appearance after PSL (PSL use, 81% of 486 participants)                                                 0.07 (−0.03 to 0.16), 0.10                                0.05 (−0.05 to 0.15), 0.14          **0.20 (0.11 to 0.28), \<0.0001**
  4\. Diabetes mellitus, osteoporosis, cataracta and/or other arteriosclerotic diseases (PSL use, 81% of participants)   0.05 (−0.05 to 0.15), 0.16                                0.13 (0.03 to 0.22), 0.006          0.12 (0.03 to 0.21), 0.005
  5\. Side effects related to non-steroid immunosuppressive agents (CNI use, 53%; AZA use, 5%)                           −0.02 (−0.12 to 0.07), 0.31                               0.05 (−0.05 to 0.15), 0.16          0.08 (−0.01 to 0.17), 0.04
  6\. Adverse events related to plasmapheresis (28%)                                                                     0.04 (−0.06 to 0.14), 0.21                                0.07 (−0.03 to 0.17), 0.08          0.04 (−0.05 to 0.13), 0.20
  7\. Adverse events related to intravenous immunoglobulin (16%)                                                         0.05 (−0.05 to 0.15), 0.17                                0.07 (−0.03 to 0.17), 0.08          0.06 (−0.03 to 0.15), 0.08
  8\. Long-term (\>1 month) hospital stay                                                                                **0.20 (0.10 to 0.29), \<0.0001**                         **0.27 (0.19 to 0.37), \<0.0001**   −0.05 (−0.14 to 0.04), 0.12
  9\. Short-term (≤1 week) hospital stay                                                                                 0.12 (0.02 to 0.24), 0.006                                0.13 (0.04 to 0.23), 0.003          0.09 (0.00 to 0.17), 0.03
  10\. Need to go to the hospital for years                                                                              **0.16 (0.07 to 0.26), \<0.001**                          **0.15 (0.06 to 0.25), \<0.001**    0.03 (−0.06 to 0.12), 0.25
  11\. Need to take various oral drugs for years                                                                         0.05 (−0.05 to 0.15), 0.16                                0.07 (−0.03 to 0.16), 0.10          0.13 (0.04 to 0.21), 0.002
  12\. Bias for intractable and uncommon diseases from others                                                            **0.16 (0.06 to 0.26), \<0.001**                          0.02 (−0.08 to 0.12), 0.35          **0.21 (0.12 to 0.30), \<0.0001**

Significant correlations are indicated by bold font.

AZA, azathioprine; CNI, calcineurin inhibitor; PSL, prednisolone.

Clinical factors from examinations and records {#s2c}
----------------------------------------------

As shown in [table 2](#BMJOPEN2016013278TB2){ref-type="table"}, clinical factors were evaluated for each patient and entered into correlation analysis with the social disadvantages. Clinical severity at the worst condition was classified according to MGFA classifications[@R17] and, in some patients (792/917), was determined according to the quantitative MG score (QMG),[@R17] from medical records and partly by analyses of information retrospectively. Clinical severity at the current condition was determined according to QMG and the MG composite (MGC),[@R18] [@R19] for all patients, who completed the Japanese version of the MG-QOL15 (MG-QOL15-J),[@R3] at study entry. Clinical status following treatment was categorised according to MGFA postintervention status.[@R17] Previously, minimal manifestations (MM) or better status with prednisolone (PSL) at ≤5 mg/day (MM or better-5 mg) was identified as a practical treatment target,[@R3] [@R4] as the HRQOL of patients with this status was reported to be as good as that of complete stable remission (CSR).[@R3] [@R4] This category grouping into MM or better status (ie, MM, pharmacological remission or CSR) and a cut-off of the PSL dose at 5 mg/day were proposed according to the results of a previous decision tree analysis for good HRQOL.[@R3] The achievement of MM or better-5 mg lasting more than 6 months was determined at 1, 2 and 4 years into treatment from medical records and partly by analyses of information retrospectively, as well as at study entry. The maximum and current dose of oral PSL and the duration of oral PSL≥20 mg/day were obtained from the patients\' medical records. Serum AChR-Ab titres were estimated by radioimmunoassay using ^125^I-α-bungarotoxin, and levels ≥0.5 nM were regarded as positive. MuSK-Ab was measured using a commercially available radioimmunoprecipitation assay (RSR, Cardiff, UK).

###### 

Patient characteristics and associations between clinical factors and social disadvantages (Spearman rank correlation)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                     Correlation (95% CI) with social disadvantages, p value                                          
  ------------------------------------------------------------ --------------------- --------------------------------------------------------- -------------------------------------- --------------------------------------
  Age, years                                                   57.1±15.4 (19--93)    −0.08 (−0.16 to −0.01), 0.02                              −0.07 (−0.14 to 0.01), 0.04            0.00 (−0.07 to 0.07), 0.49

  Female (%)                                                   65.2 (598/917)        0.11 (0.00 to 0.18), 0.02                                 0.01 (−0.06 to 0.09), 0.39             **0.17 (0.10 to 0.24), \<0.0001**

  Time since onset, years                                      11.9±10.7 (0.1--83)   0.08 (0.00 to 0.15), 0.02                                 −0.01 (−0.08 to 0.07), 0.43            0.00 (−0.07 to 0.08), 0.45

  Age at onset, years                                          45.4±18.1 (3--91)     −0.11 (−0.18 to−0.04), 0.0025                             −0.04 (−0.12 to 0.03), 0.12            −0.03 (−0.10 to 0.04), 0.22

  Thymectomy, per cent                                         52.4 (482/917)        **0.18 (0.10 to 0.25), \<0.0001**                         **0.21 (0.13 to 0.28), \<0.0001**      0.12 (0.05 to 0.19), 0.0003

  Thymoma, per cent                                            25.0 (230/917)        0.01 (−0.09 to 0.10), 0.46                                0.05 (−0.05 to 0.15), 0.15             0.01 (−0.08 to 0.11), 0.38

  AChR-Ab positivity, per cent                                 81.1 (744/917)        −0.08 (−0.16 to −0.01), 0.02                              −0.08 (−0.16 to −0.01), 0.01           −0.05 (−0.12 to 0.02), 0.07

  MuSK-Ab positivity, per cent                                 2.5 (23/917)          0.12 (0.00 to 0.23), 0.03                                 0.07 (−0.05 to 0.18), 0.14             0.09 (−0.03 to 0.20), 0.07

  MGFA classification (worst)                                  I/II/III/IV/V\        **0.28 (0.21 to 0.35), \<0.0001**                         **0.31 (0.24 to 0.38), \<0.0001**      **0.22 (0.15 to 0.28), \<0.0001**
                                                               208/392/186/37/94                                                                                                      

  Bulbar symptoms, per cent (worst)                            49.4 (453/917)        **0.17 (0.10 to 0.25), \<0.0001**                         **0.18 (0.10 to 0.25), \<0.0001**      0.13 (0.06 to 0.20), 0.0002

  Worst QMG (n=792)                                            13.5±7.5 (1--39)      **0.26 (0.18 to 0.33), \<0.0001**                         **0.32 (0.24 to 0.39), \<0.0001**      **0.25 (0.17 to 0.32), \<0.0001**

  Current QMG                                                  6.6±4.9 (0--29)       **0.20 (0.13 to 0.27), \<0.0001**                         **0.20 (0.12 to 0.27), \<0.0001**      **0.27 (0.20 to 0.34), \<0.0001**

  Current MGC                                                  4.3±5.2 (0--32)       **0.21 (0.14 to 0.28), \<0.0001**                         **0.21 (0.13 to 0.28), \<0.0001**      **0.28 (0.22 to 0.35), \<0.0001**

  Current MG-QOL15-J                                           13.8±13.2 (0--60)     [0.35 (0.28 to 0.41), \<0.0001]{.ul}                      [0.34 (0.27 to 0.40), \<0.0001]{.ul}   [0.48 (0.43 to 0.54), \<0.0001]{.ul}

  Peak dose of PSL, mg/day                                     22.0±19.6 (0--80)     **0.16 (0.88 to 0.24), \<0.0001**                         **0.22 (0.15 to 0.30), \<0.0001**      0.08 (0.01 to 0.15), 0.0143

  Duration of PSL≥20 mg/day, years                             0.72±1.7 (0--19.6)    **0.19 (0.11 to 0.27), \<0.0001**                         **0.22 (0.14 to 0.30), \<0.0001**      **0.15 (0.07 to 0.22), \<0.0001**

  Current dose of PSL, mg/day                                  4.4±5.0 (0--40.0)     0.11 (0.03 to 0.19), 0.003                                0.12 (0.05 to 0.20), 0.0011            0.11 (0.04 to 0.18), 0.002

  MM or better with 5 mg at 1 year into treatment, per cent    34.0 (299/880)        **−0.17 (−0.24 to −0.09), \<0.0001**                      **−0.17 (−0.25 to −0.09), \<0.0001**   **−0.19 (−0.26 to −0.11), \<0.0001**

  MM or better with 5 mg at 2 years into treatment, per cent   40.5 (298/735)        −0.15 (−0.24 to −0.07), 0.0002                            −0.12 (−0.21 to−0.04), 0.003           **−0.17 (−0.25 to −0.09), \<0.0001**

  MM or better with 5 mg at 4 years into treatment, per cent   46.1 (236/512)        **−0.20 (−0.29 to −0.11), \<0.0001**                      **−0.17 (−0.26 to −0.08), \<0.0001**   **−0.23 (−0.31 to −0.15), \<0.0001**

  MM or better with 5 mg at present, per cent                  48.9 (448/917)        **−0.17 (−0.24 to −0.10), \<0.0001**                      **−0.15 (−0.23 to −0.08), \<0.0001**   **−0.22 (−0.30 to −0.16), \<0.0001**
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Significant correlations are indicated by bold font.

AChR-Ab, antiacetylcholine receptor antibody; MG, myasthenia gravis; MGC, myasthenia gravis composite; MGFA, Myasthenia Gravis Foundation of America; MG-QOL15, 15-item MG-specific quality of life scale; MG-QOL15-J, Japanese version of the MG-QOL15; MM, minimal manifestations; MuSK-Ab, muscle-specific kinase antibody; PSL, prednisolone; QMG, MGFA quantitative MG score.

Written informed consent was obtained from all patients participating in the study.

Statistical analysis {#s2d}
--------------------

Associations between various clinical parameters and experiences of social disadvantages were evaluated using Spearman rank correlations. Multivariate logistic regression analysis was performed in an attempt to determine the parameters most significantly associated with social disadvantages. All continuous data are expressed as the mean±SD and range (minimum--maximum). Statistical analyses were performed using UNISTAT V.5.6 (Unistat, London, UK).

Results {#s3}
=======

Frequency of social disadvantages resulting from MG and its treatment {#s3a}
---------------------------------------------------------------------

Among the 917 patients with MG who answered our questionnaire survey, 237 responded with 'not applicable (did not receive income from employment)' to the question items shown in [figure 1](#BMJOPEN2016013278F1){ref-type="fig"}A, items1--3. After excluding these patients, 185 (27.2%) out of the remaining 680 answered 'I have experienced unemployment' (unemployment rate in the general population of Japan is 3--4%, <http://www.stat.go.jp/english/index.htm>), 28 (4.1%) answered 'I have experienced an unwilling job transfer' and 244 (35.9%) answered 'I have experienced a decrease in income'. Out of 244 who reported experiencing a decrease in income, 115 (47.1%) answered that the decrement in total income was ≥50%.

Among the 917 total patients, 449 (49.0%) answered 'My social positivity and activity were reduced', and 486 answered 'yes' to at least one of the question items in [figure 1](#BMJOPEN2016013278F1){ref-type="fig"}A, items 1--3 and 5. The experiences of unemployment or unwilling job transfer and that of a decrease in income showed significant correlations to the perception of reduced social positivity and activity (r=0.35, p\<0.0001; r=0.35, p\<0.0001; Spearman rank correlation).

Possible causes perceived by patients and correlations with social disadvantages {#s3b}
--------------------------------------------------------------------------------

Correlations between social disadvantages and the degree (0--3) to which the 486 applicable patients felt that each of the 12 question items in [figure 1](#BMJOPEN2016013278F1){ref-type="fig"}B were possible causes of these disadvantages are shown in [table 1](#BMJOPEN2016013278TB1){ref-type="table"}.

The items that exhibited significant positive correlations (p\<0.001, r≥0.15) to the 'experience of unemployment or unwilling job transfer' were: 'an insufficient control of MG symptoms'; 'long-term (\>1 month) hospital stay for treatment'; 'need to go to the hospital for years' and 'bias for intractable and uncommon diseases from others'. Significant positive correlations with 'experience of a decrease in income' were 'long-term (\>1 month) hospital stay for treatment' and 'need to go to hospital for years', and those with 'reduced social positivity and activity' were 'depressive state, changes in mood or character after oral corticosteroids', 'changes in appearance after oral corticosteroids' and 'bias for intractable and uncommon diseases from others'.

Multivariate logistic regression analysis using the 12 items as variables revealed 'an insufficient control of MG symptoms' (OR=1.35, p=0.003); 'long-term (\>1 month) hospital stay for treatment' (1.26, 0.009); 'need to go to the hospital for years' (1.34, 0.023) and 'bias for intractable and uncommon diseases from others' (1.32, 0.014) as independent items correlating to 'experience of unemployment or unwilling job transfer'. Items independently correlating to 'experience of a decrease in income' were 'diabetes mellitus, osteoporosis, cataracta and/or others' (1.34, 0.044); and 'long-term (\>1 month) hospital stay for treatment' (1.58, \<0.0001), and those correlating to 'reduced social positivity and activity' were 'changes in appearance after oral corticosteroids' (1.35, 0.026); and 'bias for intractable and uncommon diseases from others' (1.51, 0.002; see online [supplementary table S2](#SM2){ref-type="supplementary-material"}). Overall, these multivariate regression models picked out similar items to those exhibited univariate correlations with social disadvantages (the last paragraph and [table 1](#BMJOPEN2016013278TB1){ref-type="table"}).
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Clinical parameters and correlations with social disadvantages {#s3c}
--------------------------------------------------------------

The backgrounds of the 917 patients and correlations of clinical parameters with the experience of social disadvantages (in applicable patients) are shown in [table 2](#BMJOPEN2016013278TB2){ref-type="table"}.

In 680 patients who received income from employment, the clinical parameters that exhibited significant positive correlations (p\<0.0001, r≥0.15) with 'experience of unemployment or unwilling job transfer' and with 'experience of a decrease in income' were identical; these were: thymectomy; severity at worst condition (MGFA classification, bulbar symptoms, QMG); severity at current condition (QMG, MGC); peak dose of PSL and duration of PSL ≥20 mg/day. Conversely, achieving MM or better-5 mg at 1 and 4 years into treatment and at present exhibited significant negative correlations (p\<0.0001, r≤−0.15).

In the 917 patients, the clinical parameters that exhibited significant positive correlations (p\<0.0001, r≥0.15) with 'reduced social positivity and activity' were: female sex; severity at worst condition (MGFA classification, QMG); severity at current condition (QMG, MGC) and duration of PSL≥20 mg/day. Achieving MM or better-5 mg at any time point exhibited a significant negative correlation (p\<0.0001, r≤−0.15) to this adverse effect.

Multivariate logistic regression analyses using the clinical parameters as variables did not function well (goodness of fit: χ^2^ statistic (Hosmer-Lemeshow test) p=0.11, Cox and Snell\'s pseudo R^2^=0.28 for 'unemployment or unwilling job transfer'; 0.10, 0.18 for 'experience of a decrease in income' and 0.15, 0.26 for 'reduced social positivity and activity'; see online [supplementary table S3](#SM3){ref-type="supplementary-material"}). These models failed to pick out most of the parameters that exhibited univariate correlations with social disadvantages (the last paragraph and [table 2](#BMJOPEN2016013278TB2){ref-type="table"}). Thus, we avoided employing the results of multivariate logistic regression models on discussing correlations of particular clinical parameters to the experience of social disadvantages.
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In addition, to elucidate which time point of achieving MM or better-5 mg was most significant in inhibiting each of these social disadvantages, multivariate logistic regression analysis was performed using parameters that showed negative correlations as variables. We found that 'at 4 years into treatment' was the most significant time point for achieving MM or better-5 mg in regard to inhibiting 'experience of unemployment or unwilling job transfer' (OR 0.61, p=0.03), 'experience of a decrease in income' (0.61, 0.04) and "reduced social positivity and activity" (0.49, 0.005).

Current MG-QOL15-J scores correlated positively with each of these social disadvantages (underlined in [table 2](#BMJOPEN2016013278TB2){ref-type="table"}), suggesting that the current HRQOL of the patients was worse with such experiences.

Discussion {#s4}
==========

The questionnaire results demonstrated that unemployment or an unwilling job transfer after MG onset was experienced by 31.3% of the patients, and a decrease in income was experienced by 35.9%, among whom 47.1% reported a decrease in total income of more than 50%. In a large German MG cohort, 21.0% of the patients experienced hardships in their jobs, and 28.3% were forced to retire early due to MG.[@R9] In a study in Thailand, the unemployment rate among patients with MG was 26--58%, and reduced income was seen in 43--48%.[@R10] In a community-based survey of Australian patients with MG, 39.4% had been forced to stop working due to MG, and 19.4% had to change their occupation.[@R13] Only 40.6% of that cohort were working at the time of the survey, and the rest were unable to work due to the effects of the disease.[@R13] Although the socioeconomic environments of these patients most likely differ to some degree, no substantial differences were observed in the frequency of such disadvantages between these countries. Therefore, a substantial number of patients with MG are burdened with socioeconomic disadvantages. MG may not be a major public health problem in terms of the number of patients affected; however, in terms of chronic problems due to its lifelong status, MG may have a substantial impact both on the patients themselves and on the community.[@R9]

The causes of these social disadvantages perceived by the patients themselves included bias from others, as well as an insufficient control of symptoms and long-term treatment (hospital stay \>1 month and visiting the hospital for years). In many instances, the manifestations of MG are much more evident to the patient than to others, and appear to be frequently misunderstood.[@R20] Fatigue is a very common symptom in MG, and this can be misinterpreted for laziness in the context of the workplace. Among individuals who have work demands and other responsibilities, such underestimations of MG symptoms interfere with performing social needs.[@R9] [@R11] Efforts must be made to help patients with MG achieve early improvement and return to a normal lifestyle as soon as possible.[@R3] [@R4] [@R6] Efforts must also be made to better inform the public (particularly employers) about the characteristics of MG symptoms, as fluctuating weakness with fatigability which can be often underestimated at the workplace.

Participation in work is important because of the financial resources and access to benefits that jobs provide (eg, health insurance and welfare), and also because of a person\'s sense of self-respect, social network and feelings of usefulness and satisfaction.[@R21] [@R22] While at work, individuals are stimulated by physical and mental activities.[@R9] Job loss is reportedly associated with worse self-perceived HRQOL and increased adverse health behaviours.[@R22] In the patients with MG in the present study, experiences of unemployment or unwilling job transfers were consistently significantly correlated with the perception of reduced social positivity and low HRQOL scores. Adjustments in the workplace, as well as adequate therapy, are therefore important for patients with MG.[@R9]

Physical disability is naturally linked to occupational status and the likelihood of losing one\'s job. However, among the clinical parameters taken from examinations and patient records in this study, both severity of illness (worst and current status) and dose of oral steroids (peak dose of PSL and duration of PSL≥20 mg/day) were positively correlated with 'unemployment or an unwilling job transfer' and 'a decrease in income'. Such associations could not be demonstrated in the present multivariate logistic regression probably due to poor model fit, but are consistent with previous reports in which both severity of illness and dose of oral steroids were the most significant factors negatively affecting patients\' HRQOL.[@R3] [@R4] The severity of the disease tends to affect personal mobility, while the dose of oral steroids tends to affect social mobility;[@R4] both of these disadvantages naturally lead to unemployment and a decrease in income.

On the other hand, strangely, thymectomy appeared to positively correlate with both 'unemployment or an unwilling job transfer' and 'a decrease in income'. These unexpected associations were most likely due to correlations between thymectomy and other disadvantage-promoting factors such as 'long-term (\>1 month) hospital stay for treatment' (r=0.27, p\<0.0001), peak dose of PSL (r=0.37, p\<0.0001) and duration of PSL≥20 mg/day (r=0.37, p\<0.0001; Spearman rank correlation). These correlations might have arisen from previous treatment methods in some Japanese institutions in which thymectomy was often followed by high-dose oral steroid therapy using dose escalation and de-escalation. In actuality, performing thymectomy itself is considered to have no direct effect on HRQOL,[@R10] or the social disadvantages of patients with MG.

Achieving MM or better-5 mg most likely enables patients to live a normal lifestyle without having to worry about complications resulting from steroids,[@R3] [@R4] and the achievement of such status negatively correlates with social disadvantages. Interestingly, at 1, 2 and 4 years into treatment and at present, 4 years into treatment appeared to be the most significant time point for inhibiting social disadvantages. The critical time for control of MG is reported to encompass the first several years after onset,[@R2] and the first 4 years or so into treatment may be a permissible limit to achieve sufficient disease control that leads to a good long-term condition. Alternatively, for employers, a permissible employment time for patients who have uncontrolled illness and/or are experiencing treatment-related side effects may be limited to the first several years after disease onset. In any case, an early return to a normal lifestyle at least within the first several years of treatment may be important.

Among all patients, 49.0% answered that their 'social positivity and activity was reduced', and the self-perceived main causes included 'depressive state, changes in mood or character after oral corticosteroids', and 'changes in appearance after oral corticosteroids'. The most significant clinical factor promoting a depressive state in patients with MG is reportedly an insufficient reduction in the dose of long-term oral steroids.[@R16] It is probable that in the patients taking high doses of oral steroids, the problems in appearance and depressive state negatively affect personal relationships, positive thinking and social activities.[@R4] Therefore, for long-term use, oral corticosteroids should be given at the lowest possible dose.[@R3] [@R4] [@R16] [@R23] Bias from others and female sex were also associated with decreased social positivity. Therefore, adequate social support, public acceptance and understanding may be highly beneficial in improving life circumstances among patients with MG.[@R9] [@R11]

This study was limited by the facts that a part of clinical factors about participants was retrospectively obtained, that in some patients MGFA classifications and postintervention status were recreated by a review of clinical data, and that the study was dependent on patients\' self-reported data. Whether employment status actually was affected at the time when MG was more severe and patients on more medication could not be addressed. It should be also noted that correlation levels of social disadvantages to the question items and clinical factors for MG were statistically significant but generally low. Naturally, other factors (eg, careers and experiences of job and educational backgrounds) probably had more significant effects on social activities and disadvantages, which should be taken into consideration when interpreting the present results.

In conclusion, although this study did have some limitations, among patients with MG receiving income from employment in Japan, unemployment or an unwilling job transfer after MG onset was experienced by 31.3%, and a decrease in income by 35.9%, among whom 47.1% experienced a decrease in total income of more than 50%. Among all patients with MG, 49.0% perceived a reduction in their social positivity. Both severity of illness and the way of treatment affected such disadvantages. An early return to a normal lifestyle without corticosteroid complications (eg, MM or better-5 mg) is therefore considered a major factor inhibiting such disadvantages. It is also important that employers and co-workers have better informed perceptions about MG, and that patients\' workplace or living surroundings help accommodate MG symptoms.
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